Background: In those with symptoms indicative of obstructive sleep apnea (OSA), respiratory-specific health-related quality of life (HRQL) may be an important patient-centered outcome. The aim of this study was to assess the associations between sleepiness, fatigue, and impaired general and respiratory-specific HRQL among persons with suspected OSA. Controlling for AHI, SF-12v2-PCS, respiratory co-morbid conditions, body mass index, and demographics, both ESS and FSS were significantly associated with poorer AQ-20R: for each; ESS, 1.6 points (95% CI 1.4-1.9), and for FSS, 2.5 points (95% CI, 2.3-2.7). Conclusions: Greater daytime sleepiness and fatigue are associated with poorer respiratory-specific HRQL, over and above the effects of OSA, respiratory comorbidity, and generic physical HRQL.
Background
Health-related quality of life (HRQL) is a critical patientcentered outcome measuring generic or disease-specific health status. Disease-specific HRQL is relevant to chronic health conditions whose effects are manifested through discrete subjective symptoms and limitations. Respiratory-specific HRQL is a condition-specific construct emphasizing patient-perceived impacts related to dyspnea and other pulmonary limitations.
Obstructive sleep apnea (OSA) is a common respiratory condition occurring during sleep that carries substantial morbidity and mortality [1] . Although many OSA patients report symptoms such as snoring, general population and sleep clinic-based studies suggest many do not report excessive daytime sleepiness or fatigue [1] [2] [3] [4] . Furthermore, the relationship between OSA and general (and particularly physical) [5] [6] [7] [8] [9] [10] [11] as well as respiratory-specific HRQL [12] is less well established. On the other hand, respiratory disorders such as chronic obstructive pulmonary disease (COPD), independent of OSA, are associated with poor subjective and objective sleep quality [13, 14] , sleepiness [2] and decreased general and respiratory specific HRQL [15] . Furthermore, sleep disturbance is a major determinant of HRQL in those with chronic respiratory disorders such as asthma [16] or COPD [17] .
The determinants of respiratory-specific HRQL in OSA (with or without co-morbid lung conditions) remain to be well characterized [12, 18, 19] . Sleepiness and fatigue as HRQL determinants are particularly relevant given they may adversely impact patient-perceived physical and respiratory-specific HRQL status [20] [21] [22] . The extent to which OSA, comorbid respiratory disorders, daytime sleepiness and fatigue in combination may contribute to HRQL remains unclear. The aim of this study was to test sleepiness and fatigue as independent predictors of respiratory-specific HRQL among persons with symptoms suggestive of OSA who went on to diagnostic testing. This has been an open question whose answer is relevant clinically to help better gauge the likely impact of OSA diagnosis and treatment on HRQL among symptomatic patients. Our primary hypothesis was that daytime sleepiness and fatigue in this population would be independently associated with respiratory-specific HRQL, taking into account OSA as well as concomitant respiratory disease.
Methods
This cross-sectional retrospective study of prospectively collected clinical data was undertaken in a cohort of military veterans referred due to OSA symptoms for a standardized assessment protocol that included both a multi-battery questionnaire and confirmatory polysomnography. We intentionally included a respiratoryspecific HRQL measure in the questionnaire so that we could clinically assess breathing problems as well as carry out an analysis with this as our central patientcentered outcome.
Study subjects
Study participants were referred for OSA assessment based on their symptoms according to routine clinical practice and the potential subject pool comprised all veterans referred to the Veterans Affairs (VA) Palo Alto Healthcare System's Pulmonary-Sleep Section for evaluation of complaints of either disrupted sleep or snoring who completed formal sleep study testing. Thus, participant accrual was passive: there was no specific recruitment or outreach for the study itself. Data from consecutive subjects aged 21-95 studied from May 2011 through July 2014 were retrospectively analyzed. Subjects were eligible for study inclusion if they completed a structured sleep questionnaire and an overnight diagnostic sleep study. Exclusion criteria included: incomplete or missing questionnaire or inadequate sleep study data; evidence of a physiologic sleep disorder other than OSA (e.g., narcolepsy, periodic limb movements, central sleep apnea [central apnea index ≥5/h]); supplemental oxygen provided during diagnostic sleep study; or a sleep questionnaire/study completed during a period of hospitalization. The study protocol was approved (with a waiver of consent) by Stanford University's institutional review board and the VA Palo Alto Heath Care System's Research and Development committee with annual reviews. The sleep questionnaire and sleep study were part of the existing medical record, and all patient health information was de-identified and stored on VA approved servers behind existing firewalls and accessible only via user logins of the approved investigators. Veterans received clinical follow-up based on a detailed examination of sleep questionnaire and sleep study results by a staff VA sleep clinician.
Survey data and instrument scoring
Subjects self-completed a structured hard-copy questionnaire prior to their overnight sleep study examination. The questionnaire elicited: socio-demographics, smoking status, relevant medical history. It also included generic and respiratory-specific HRQL instruments and standard batteries assessing daytime sleepiness and fatigue. We assessed generic HRQL using the Medical Outcomes Survey Short Form-12, version 2 (SF-12v2) instrument, a validated general HRQL measure that has been widely used, including in patients with OSA, asthma, and COPD [23] . The Physical Component Score (PCS) was calculated from the SF-12v2 responses. Respiratory-specific HRQL was measured using the Airways Questionnaire 20 Revised (AQ-20R), a 20-question instrument (possible range 0 to 20) developed to measure respiratory-specific HRQL, with higher scores indicating worse HRQL [24] . The AQ-20R has been used to assess respiratory-specific HRQL across a range of pulmonary conditions, including asthma and COPD [24, 25] . Daytime sleepiness was assessed using the 8-item (possible range 0 to 24) Epworth Sleepiness Scale (ESS); a composite score of >10 was used to define sleepiness [26] . Fatigue was measured using the 9-item (possible range 9 to 63) Fatigue Severity Scale (FSS); a composite score of >36 was used to define the presence of daytime fatigue [27] .
Assessment of overnight polysomnography
Sleep apnea evaluations were performed using two types of studies: Type-III portable sleep apnea testing using an Embletta X100 (Embla, Broomfield, CO) that includes nasal pressure transducer, thoracoabdominal movement detection, pulse oximeter, single-lead electrocardiogram (ECG), actigraphy and body position; and Type-I monitored, in-lab polysomnography (PSG) using Alice-5 software (Respironics, Murraysville, PA), that includes all data channels recorded on the Embletta X100 with the addition of electroencephalogram (EEG), electrooculogram, and electromyogram. Selection of portable verses in-lab PSG followed American Academy of Sleep Medicine (AASM) guidelines for portable OSA diagnosis and depended on availability, pretest OSA probability and consideration of comorbid respiratory, cardiac, and neuromuscular disorders [28] . During the 38-month period, approximately 80% of the studies were portable; the remaining 20% were performed at the sleep laboratory. Patients with an AHI <5/h on a portable sleep study were offered a monitored PSG to confirm the absence of OSA.
Sleep study data from the overnight sleep studies were manually scored and reviewed by a sleep-medicine boarded physician. Sleep study scoring conformed to AASM guidelines [29] . Apneas (cessation of airflow ≥90% of baseline for ≥10 s) and hypopneas (≥30% reduction in baseline airflow for ≥10 s accompanied by a ≥4% reduction in oxyhemoglobin saturation) are combined to calculate an apnea-hypopnea index (AHI; number of apneas + hypopneas per hour). Sleep apnea was defined as being present if the AHI was ≥5 events per hour [1] . Mild sleep apnea was defined as an AHI between 5 and less than 15 events per hour; moderate sleep apnea as an AHI between 15 and less than 30 events per hour; severe sleep apnea as an AHI ≥30 events per hour.
Medical record review
A self-reported diagnosis of lung disease (asthma, COPD or interstitial lung disease) was subsequently confirmed by electronic medical record (EMR) review by a pulmonologist who considered prior pulmonary function testing, chest radiography, smoking history, and reported clinical respiratory symptoms and documented physical examination findings in the diagnostic validation. Height and weight measurements were obtained from the last inputted data from the EMR to calculate a body mass index (BMI). We defined obesity as a BMI ≥30 kg/m 2 . In addition, EMR review supplemented self-report of smoking status.
Analysis
Statistical analysis used NCSS software, version 9 (Kaysville, UT). All continuous variables in this analysis, including age, BMI, AHI, ESS, FSS, AQ-20R and SF-12 PCS, had nonnormal distributions based on the Shapiro-Wilk test for normality. Consistent with these distributions, summary descriptive data report median values and their corresponding interquartile ranges (IQRs). Differences in descriptive characteristics by OSA presence or absence were tested by chi square, t-test, or Wilcoxon rank sum test as appropriate to the data. We used multivariable linear regression including demographic covariates to estimate the associations between ESS, FSS, and AHI as independent variables and SF-12v2-PCS and AQ20-R as dependent variables. For ESS and FSS, we repeated these analyses stratified by the presence or absence of OSA and, in a separate analysis, stratified by obesity. To ensure uniformity of fatigue and sleepiness scaling, z-scores of these variables were generated (each variable divided by its standard deviation). In order to assess whether the relationship between ESS and FSS and respiratory-specific HRQL was independent of demographics, BMI, OSA severity, comorbid lung disease, and generic HRQL (SF-12 PCS, also scaled in z-scores), we tested a multiple logistic regression model that included all of these covariates as independent covariates. The outcome of poorer respiratory-specific QOL was defined as the highest quintile of observed AQ-20R scores in the cohort (scored 11 through 20). As a sensitivity analysis, we further restricted this analysis to the subset of those with inlaboratory monitored sleep studies.
We worked together as collaborative research team. Our data analysis strategy was driven by our central aim to study the determinants of respiratory-specific HRQL in persons with symptoms leading to an evaluation for sleep apnea. For this reason, we formulated an approach to assess fatigue and sleepiness as key predictors of HRQL, while taking into account the actual determination of OSA by polysomnography. We did not deviate substantively from this strategy. The covariates of interest were tested and presented in the relevant multivariate models."
Results
Of the 1578 persons analyzed, 823 (52.1%) met criteria for moderate to severe OSA (AHI ≥15/h), whereas 755 (47.9%) manifested mild (n = 451, AHI < 15/h and ≥5/h) or no OSA (n = 304, AHI < 5/h) ( Table 1) . Just under one-third of the study participants met criteria for severe OSA (30.5%). Demographic data by OSA status are presented in Table 1 . Overall, the group was predominantly male (93.9%) and obese (median BMI 32.2 [IQR 8.1]), with a low prevalence of current tobacco smoking (12.6%). There were 262 (16.6%) who carried a diagnosis of concomitant lung disease at the time of the referral. By diagnosis, these were: COPD (N = 94; 6.0%); asthma (N = 181; 11.5%); and interstitial lung disease (N = 8; 0.5%). Those with moderate to severe OSA compared to those with mild or no disease on average were 6-years older, had a higher BMI, were more likely to be male, more likely to be married or partnered, and were less likely currently employed (all p < 0.05, Table 1 ). There were no statistically significant differences by OSA status for race-ethnicity or educational attainment. In terms of concomitant lung disease, those with moderate to severe OSA were statistically more likely to have concomitant ILD but not COPD or asthma.
The median overall ESS score was 11 [IQR 9] , with 838 (53.1%) falling above the 10-point score cut off for increased daytime sleepiness. The overall FSS score was 42 [IQR 23] , with 968 (61.3%) falling above the 36-point score cut off for increased fatigue. The ESS and FSS scores were moderately intercorrelated (r = 0.40; p < 0.01). The correlations between ESS and FSS when stratified by OSA status were: r = 0.37 among those with mild to no OSA and r = 0.46 among those with moderate or severe OSA.
Overall, the study population reported low general HRQL, with a median SF-12v2 PCS of 40 -20) . Those with moderate to severe OSA compared to those with milder or no disease manifested slightly higher respiratory-specific HRQL scores consistent with poorer status, but this difference was not statistically significant (Wilcoxon rank-sum test's p = 0.11).
We tested sleepiness (ESS), fatigue (FSS), and the degree of OSA (AHI) as predictors of physical and respiratory specific HRQL, taking into account other covariates (Table 2) . Both ESS and FSS were significantly associated with poorer SF-12v2 PCS (p < 0.01), although the point estimate of effect was greater for the latter (−3.3 and −7.6 point lower PCS per standardized units of ESS and FSS, respectively). A similar pattern was evident for respiratoryspecific HRQL measured by the AQ-20R. In contrast, AHI was not associated with SF-12v2 PCS or AQ-20R.
In analyses stratified by the presence or absence of OSA (Fig. 1) , increased fatigue was associated with poorer respiratory HRQL in both the none-to-mild and the moderate-to-severe OSA groups. In comparison, daytime sleepiness was not associated with poorer respiratory-specific HRQL in those with none-to-mild OSA and demonstrated an attenuated effect (standardized beta 0.6 for ESS compared to 2.2 for FSS) in those with moderate-to-severe OSA. Also as shown in Fig. 1 , the pattern was similar when stratified by the presence or absence of obesity.
We further explored the associations of ESS and FSS with respiratory-specific HRQL, taking into account generic HRQL (SF-12v2 PCS), OSA severity, comorbid chronic lung conditions, and the covariates included in the previous multivariate analyses (Table 3) . Both ESS and FSS remained significantly associated with AQ-20R, the FSS manifesting a somewhat greater effect. SF12v2PCS and comorbid lung conditions were associated with poorer respiratory specific quality of life measured by the AQ-20R, whereas presence or severity of OSA was not. Excluding 1275 subjects with portable sleep study testing (remaining n = 303) had no substantial effect on these multivariate analyses except that the associations with COPD (p = 0.06) and ILD (p = 0.94) were no longer statistically significant. 
Discussion
The assessment of HRQL, a patient-centered outcome encompassing health, functional, and social factors, is critical to inform individual patient management decisions and, in the aggregate, health care policy. Asthma, COPD, and interstitial lung disease all are chronic respiratory conditions associated with poorer HRQL [24] . Given the potential combined effects from comorbid OSA and chronic respiratory disorders such as these, evaluating generic and respiratory HRQL in populations with multiple morbidities is important. Our analysis, carried out in a relatively large sample of military veterans undergoing sleep evaluations for suspected OSA, yielded two key findings. First, sleepiness and fatigue were important determinants of respiratory-specific HRQL, independent of OSA, respiratory comorbidity, or even generic physical HRQL. Second, OSA severity per se was not associated with a significant decrement in either generic physical HRQL or respiratory-specific HRQL. Although the lack of a strong association of OSA with physical HRQL has been reported [11, 30] , respiratoryspecific HRQL previously had not been studied in parallel. Thus taking these two findings together, among those with symptoms or clinical findings suggesting OSA, regardless of the ultimate diagnosis, fatigue and sleepiness negatively impact the key patient-centered outcome of respiratoryspecific HRQL.
Although untreated OSA may be associated with poorer sleep-specific quality of life, both general population and sleep clinic-based studies have reported inconsistent associations between OSA severity and generic physical HRQL [5-7, 9-11, 30, 31] . Additionally, studies evaluating symptomatic patients referred for OSA assessment report similar findings to our investigation. Among 109 patients with suspected OSA referred for PSG testing (mean age 53 years, 77% male, BMI 31, AHI 33.6), ESS was negatively associated with physical HRQL measured by the SF-12 PCS (p < 0.001), whereas AHI was not associated with that outcome [6] . In another series of 135 consecutive patients with suspected OSA, ESS was associated with generic physical HRQL, but not the AHI or EEG arousal index [10] . Other referral series also fail to show a relationship between AHI and physical HRQL [5, 7, 11] . Given these findings and our own, there appears to be no clear association between OSA severity (as measured by AHI) and generic physical HRQL, even though subjective sleepiness (measured by the ESS) indeed is correlated consistently with HRQL.
This interpretation is consistent with another study in which an association of general HRQL with ESS was observed, but not with OSA [10] .
Our study goes further still by also taking into account other respiratory co-morbidities as well as other symptoms such as fatigue. Even when patients with active medical and psychiatric disorders are excluded, ESS but not AHI, respiratory disturbance index or oxygen desaturation index is still negatively associated with physical HRQL measured by the SF-12 PCS [30] . Similar to our results, studies in patients with chronic respiratory disorders such as COPD report no correlation between AHI and respiratory-specific HRQL measured by the St. George Respiratory Questionnaire (SGRQ) [12] . It is well established that both generic and respiratoryspecific HRQL are poor among patients with asthma and COPD [15, 16, 19, 32] . However, the interrelationships among OSA, respiratory comorbidity, sleepiness, and respiratory-specific HRQL are less clear-cut. This interrelationship is likely to be complex given that asthma and COPD are associated with poor sleep quality that may be manifested as daytime sleepiness, fatigue, and poorer general HRQL, independent of OSA [2, 12, 16, 33, 34] . Our findings support those links, but adds to picture by taking into account both OSA and other chronic respiratory comorbid conditions, yet still observing a potent negative relationship between increased daytime sleepiness and fatigue and respiratory-specific HRQL. Standardizing the scoring metric, we observed a greater negative impact of fatigue relative compared to daytime sleepiness on generic and respiratory-specific HRQL. Studies suggest subjective fatigue and sleepiness are indeed distinct entities [35] , albeit not wholly independent consistent with our finding that FSS and ESS scores were moderately intercorrelated (r = 0.38). Some studies have reported that AHI is poorly correlated with fatigue [36, 37] , whereas other chronic respiratory disorders are linked to fatigue [38, 39] . Thus, our analysis supports a growing consensus that fatigue negatively impacts generic and respiratory-specific HRQL while specifically showing that this relationship transcends OSA and even other comorbid respiratory disease.
Our study supports the utility of the AQ20-R in measuring respiratory-specific HRQL in OSA. The AQ20 was developed as a simple respiratory HRQL instrument that correlates well with other respiratory (SGRQ) and general (SF-12 and SF-36) HRQL measures in populations with various types of respiratory disorders [24, 25] . Additionally, the AQ20-R is an independent predictor of healthcare utilization outcomes in those with chronic respiratory disease [24] . Our study is novel in assessing the impact of subjective fatigue and sleepiness on respiratory HRQL measured by the AQ20-R. Consistent with our findings, fatigue (measured by the Multidimensional Fatigue Inventory) strongly correlated with respiratory-specific HRQL [20] . In patients with chronic respiratory disorders, there appears to be a complex inter-relationship among fatigue, sleep quality, anxiety, depressive symptoms, and awake-dyspnea [40] . Interestingly, the AQ20 appears moderately correlated with subjective sleep disturbance in asthmatics (r = 0.51, p ≤ 0.001) [34] , while both non-respiratory medical and psychiatric comorbidities are independent modulators of HRQL measured by the AQ20-R [41] . Taken together, the clinical implications of our observations are that the evaluation and treatment of respiratory complaints among those with suspected OSA is important, particularly in those reporting fatigue. The AQ20-R assesses respiratory-specific HRQL. Taking this or comparable disease-specific patient-centered measures of health into account in models of health care delivery is likely to be important for clinical management and improved patient satisfaction among those with suspected OSA, whether or not they ultimately prove to have that condition.
Our study has potentially important limitations. These limitations could argue against the generalizability of our findings, the consistency of our observations with those of other relevant studies, our emphasis on respiratory-specific or even general physical status as opposed to mental HRQL, or the validity of our definition of disease. We evaluated generally older obese male military veterans referred for suspected OSA, which should temper any general population inferences. However, studies in populations consisting of older, primarily male non-veterans with suspected OSA report similar results to ours [6, 10, 30] . Second, the applicability of general physical HRQL measures such as the SF-12 in OSA populations has been questioned, particularly when comorbid medical and psychiatric conditions are not controlled for [42] , and because sleep and OSA-specific HRQL batteries correlate only modestly with generic HRQL [43] [44] [45] . Additionally, generic mental health rather than physical HRQL may correlate with AHI [46, 47] . We limited our analysis of the SF-12 to the PCS and did not investigate associations with the SF-12 Mental Component Scale (that measures psychological HRQL), nor did we study psychological comorbidity. Third, in our bivariate analysis, pooling mild OSA together with no OSA to compare this categorization against moderate-severe OSA could lead to disease misclassification. The Sleep Heart Health Study, however, reported no clinically relevant differences in SF-36 and ESS scores between those with mild vs. no OSA [9, 48] and the recent Apnea Positive Pressure Long-term Efficacy Study similarly reported no significant differences in ESS and Sleep Apnea Quality of Life Index between those with mild vs. no OSA [49] . Finally, given limited spirometric data, we could not analyze the association of respiratory impairment (as opposed to the presence or absence of a diagnosed respiratory condition) with HRQL. Considering these potential limitations as whole, they are modest at most and are unlikely to explain the associations that we observed, argue strongly for an alternative explanation of the findings of this analysis, or seriously undermine the credibility of our findings.
Conclusions
In summary, daytime sleepiness and fatigue contribute to poorer respiratory-specific HRQL, taking into account the effects of OSA, respiratory comorbidity, and generic HRQL. The clinical implications of this analysis are that the evaluation and management of non-OSA causes of fatigue, sleepiness, and daytime breathing problems are relevant to patients with complaints suggesting a diagnosis of OSA. This is the case whether or not such patients ultimately prove to have OSA or, if they do, the degree of its severity. Furthermore, we believe the AQ20-R provides additional utility in HRQL assessments as well as being a simple patient-centered measure of breathing problems in those suspected of having OSA. Future longitudinal assessments should evaluate whether respiratory-specific HRQL, with or without concomitant lung disease, predicts subsequent health outcomes in OSA populations and the extent to which fatigue or sleepiness account for such relationships.
